Objective: To assess the real utility of orthotopic liver transplantation (OLT) in patients with cholangiocarcinoma, we need series with large numbers of cases and long follow-ups. The aim of this paper is to review the Spanish experience in OLT for hilar and peripheral cholangiocarcinoma and to try to identify the prognostic factors that could influence survival. Summary Background Data: Palliative treatment of nondisseminated irresectable cholangiocarcinoma carries a zero 5-year survival rate. The role of OLT in these patients is controversial, due to the fact that the survival rate is lower than with other indications for transplantation and due to the lack of organs. Methods: We retrospectively reviewed 59 patients undergoing OLT in Spain for cholangiocarcinoma (36 hilar and 23 peripheral) over a period of 13 years. We present the results and prognostic factors that influence survival. Results: The actuarial survival rate for hilar cholangiocarcinoma at 1, 3, and 5 years was 82%, 53%, and 30%, and for peripheral cholangiocarcinoma 77%, 65%, and 42%. The main cause of death, with both types of cholangiocarcinoma, was tumor recurrence (present in 53% and 35% of patients, respectively). Poor prognosis factors were vascular invasion (P Ͻ 0.01) and IUAC classification stages III-IVA (P Ͻ 0.01) for hilar cholangiocarcinoma and perineural invasion (P Ͻ 0.05) and stages III-IVA (P Ͻ 0.05) for peripheral cholangiocarcinoma. Conclusions: OLT for nondisseminated irresectable cholangiocarcinoma has higher survival rates at 3 and 5 years than palliative treatments, especially with tumors in their initial stages, which means that more information is needed to help better select cholangiocarcinoma patients for transplantation.
T he treatment of cholangiocarcinoma (CC) is controversial. When there is no tumor spread, the aim is curative resection of the tumor with free margins (R0 resection), which for peripheral cholangiocarcinoma (PCC) means a liver resection; 1,2 for hilar cholangiocarcinoma (HCC), it means resection of the bile duct, which is extended on occasions to a liver resection, depending on the location of the tumor, or a vascular resection. [3] [4] [5] [6] [7] When there is evidence of tumor spread, only palliative treatments are indicated, which have very low survival rates. 8, 9 Lastly, there are cases where, in the absence of tumor spread, the tumor is considered locally irresectable. In such cases, a possible alternative to palliative treatment is orthotopic liver transplantation (OLT), although its utility in these patients is controversial due to the lack of organs and to the possibility of immunosuppression accelerating the progression of unidentified tumor remains. 10 -12 To assess the real utility of OLT in these patients, we need series with large numbers of cases and long follow-ups.
The aim of this paper is to review the Spanish experience in OLT for PCC and HCC and to try to identify the prognostic factors that could influence survival.
PATIENTS AND METHODS
We performed a retrospective multicenter study including all patients undergoing OLT in Spain for CC ( Table 1) . The study covers the period from March 1988 (date of the first transplant in Spain for CC) to September 2001. For HCC, we used the Bismuth-Corlette classification to determine tumor location. 13 Tumor staging was done using the TNM classification of the IUAC, both for hilar and peripheral CC. 14 We reviewed 59 patients with OLT for CC (36 hilar and 23 peripheral). In the distribution by years into 2 time periods (1988 -1994 and 1995-2001) , we noted a slight increase in the number of OLTs performed for this reason in the second period (21 cases [36%] in the first period versus 38 cases [64%] in the second).
Hilar Cholangiocarcinoma (n ‫؍‬ 36)
The mean age of the patients was 44 years (range, 20 -63); 26 (72%) were men. In 4 cases, tumor diagnosis was incidental: in 3 the indication for transplantation was primary sclerosing cholangitis (PSC); the other was a sclerosing cholangitis secondary to hepatic hydatidosis that had already received numerous operations.
In 22 patients, the tumor was considered irresectable without extrahepatic disease by the results of complementary examinations, and OLT without previous exploratory laparotomy was indicated. Exploratory laparotomy was indicated with a view to surgical resection in the remaining 14 cases, of which 11 could not undergo any surgical intervention due to the tumor being considered irresectable though not disseminated. Surgical interventions were possible in the remaining 3: in one case, a right trisegmentectomy for a CC formed over a choledochal cyst invading the hepatic hilus, with OLT indicated after recurrence in the left hepatic duct; in another case, resection of the entire common bile duct, due to a papillary tumor (Bismuth type II), plus Roux-en-Y reconstruction, with OLT indicated after recurrence in the hepatic ducts; in the remaining case, local resection of a Bismuth type II tumor (T2N0M0), in which the histologic study revealed microscopic invasion of the resection margins (R1 resection), for which OLT was indicated.
None of the patients received preoperative treatment with chemotherapy or radiotherapy. OLT was done in all cases, with 2 recipients prepared in case the tumor had spread during the waiting time. The surgical technique in all cases consisted of a lymphadenectomy of the hepatic hilus and common hepatic artery and resection of the whole common bile duct as far as the pancreas and Roux-en-Y reconstruction of the donor bile duct. A cephalic pancreatoduodenectomy (CPD) was associated in 2 cases.
Eighty-nine percent of the patients were Bismuth types III-IV; in the final staging after OLT, 44% of the patients were early stages I-II; the rest were stages III-IVA (Table 2 ).
Peripheral Cholangiocarcinoma (n ‫؍‬ 23)
The mean age of the patients was 54.4 years (range, 25-68); 14 (61%) were men. In 10 cases, tumor diagnosis was established incidentally, with OLT indicated in 4 cases for decompensation of a hepatic cirrhosis and in 6 for PSC. One 25-year-old female patient was diagnosed with CC over a Caroli disease, and 3 cases had a false preoperative diagnosis of hepatocarcinoma that was confirmed as CC by histology. None of the patients received preoperative or postoperative treatment with chemotherapy or radiotherapy.
OLT was indicated in 9 of the 13 patients, with a preoperative diagnosis of CC because the preoperative examinations informed of an irresectable tumor without evidence of extrahepatic disease. In the remaining 4, exploratory laparotomy was indicated for resection purposes, with OLT indicated on finding that the tumor was irresectable, with no evidence of tumor spread. One diabetic patient had a pancreas transplant associated with the OLT. In the definitive staging after OLT, 57% of the patients were stages I-II; the rest were stages III-IVA (Table 2 ).
Statistical Method
To conduct the study, a questionnaire was sent out to all the OLT units. From the results obtained, an analysis of the actuarial survival curves was done using the Kaplan-Meier method; for comparison of the survival curves, the Breslow and Mantel tests were used. We also conducted a univariate analysis of the prognostic factors with the 2 test and multi-variate analysis with Cox's regression model. The values were statistically significant (SS) for P Ͻ 0.05.
The prognostic factors analyzed for hilar CC were as follows: age (Ͻ and Ͼ 50 years); gender; tumor location (Bismuth I-II versus III-IV); incidental nature; staging with or without laparotomy prior to OLT; postoperative treatment with chemotherapy (5-fluoruracyl) and external radiotherapy; lymph node, parenchymal (T3), vascular, and perineural invasion in the histologic study of the specimen; pTNM classification and pTNM classification stages (stages I-II versus stages III-IV). The prognostic factors analyzed for peripheral CC were as follows: age (Ͻ and Ͼ 50 years); gender; incidental nature; staging with or without laparotomy prior to OLT; postoperative treatment with chemotherapy (5-fluoruracyl) and external radiotherapy; lymph node, parenchymal (T3), vascular and perineural invasion in the histologic study of the specimen; pTNM classification and pTNM classification stages (stages I-II versus stages III-IV).
RESULTS

Hilar Cholangiocarcinoma (n ‫؍‬ 36) Tumor Recurrence
Nineteen patients (53%) presented with tumor recurrence. The most common site of recurrence was the abdominal cavity with 13 cases (liver, duodenopancreas, retroperitoneum), the bone in 3 cases, pulmonary metastases in 1 case, skin in 1 case, and multiple metastases in 1 case. The mean time between OLT and diagnosis of the recurrence was 21 months (range, 3-53). Seven cases recurred before 12 
Mortality
Sixty-four percent (23 of 36) of the patients died: 17 (47%) due to tumor recurrence; the other 6 (17%) from non-tumor-related causes. Of these 6 patients, 3 (8%) died in the first 3 months (1 case for primary graft failure, 1 case for cerebral infarction, and 1 case for sepsis); one patient died at 36 months after retransplantation for chronic rejection; another patient died at 37 months due to an adenocarcinoma of the rectum; and the remaining patient died at 76 months from lung cancer.
Survival
The accumulated survival of the 36 patients was 55 Ϯ 11 months; survival at 1, 3, 5, and 10 years was 82%, 53%, 30%, respectively, and 18%, and disease-free survival at 1, 3, 5, and 10 years was 77%, 53%, 30%, and 18%, respectively. The 5-year survival rate of the patients with tumor recurrence was 5% versus 71% for those without recurrence (P Ͻ 0.0001). The accumulated survival of the patients who died of tumor recurrence (n ϭ 17) was 26 Ϯ 4.4 months, similar to that of the patients who died of non-tumor-related causes (n ϭ 6; 26 Ϯ 12 months; P ϭ 0.923). Of the 13 patients still alive, 8 are stages I-II, with a mean survival of 69 months (range, 3-162); 5 are stages III-IV, with a mean survival of 28 months (range, 5-62).
Prognostic Factors
In the univariate analysis (Table 3) , SS factors of poor prognosis were vascular invasion (P Ͻ 0.0001) (0% survival at 3 years, when vascular invasion was present, compared with 63% and 35% at 3 and 5 years, respectively, when it was not) and stages III-IVA (P Ͻ 0.05) (15% survival at 5 years versus 47% for stages I-II). Lymph node and perineural invasion reduce survival, although the differences were not SS ( Table 3 ). In the multivariate analysis, factors of poor prognosis were again vascular invasion (P Ͻ 0.01) and stages III-IVA (P Ͻ 0.01).
Peripheral Cholangiocarcinoma (n ‫؍‬ 23) Tumor Recurrence
Eight patients (35%) presented with tumor recurrence. The most common site of recurrence was the abdominal cavity with 5 cases (liver in 3 cases and peritoneum in 2 cases), pulmonary metastases in 2 cases, and multiple metastases in 1 case. The mean time between OLT and recurrence was 22 months (range, 5-75). Three cases recurred before 12 
Mortality
Eleven (48%) of the 23 patients died, 7 (30%) due to tumor recurrence and the other 4 (18%) for non-tumorrelated causes. Of these 4 patients, 2 (8.6%) died in the first 3 months (1 for chronic rejection and 1 for multiorgan failure), 1 patient died at 12 months due to adenocarcinoma of the pancreas, and 1 patient died at 72 months due to acute myocardial infarction.
Survival
The actuarial survival rate was 77%, 65%, 42%, and 23% at 1, 3, 5, and 10 years, respectively, and disease-free survival was 68%, 45%, 27%, and 23% at 1, 3, 5, and 10 years, respectively. Accumulated survival was 66 Ϯ 17 months. The 3-and 5-year survival rates when there was tumor recurrence were 50% and 16%, versus 78% and 78% when there was no recurrence (P Ͻ 0.05).
Prognostic Factors
In the univariate analysis, pTNM classification was SS (P Ͻ 0.05) (Table 4) , with stages I-II presenting a better survival rate at 3 and 5 years (80% and 40%, respectively) than stages III-IVA (46% and 31%, respectively). In the multivariate analysis, perineural invasion (P Ͻ 0.05) and stages III-IVA (P Ͻ 0.05) were SS.
DISCUSSION
The treatment of HCC, when there is dissemination, is palliative (drains, prothesis, chemotherapy, and radiotherapy), but it achieves little or no survival. 8, 9 When the HCC is not disseminated, the ideal treatment is surgical resection of the tumor with free margins (R0 resection), a treatment that obtains acceptable survival rates (40 -50% at 5 years). However, the R0 resection rate achieved is low, related to the early invasion of neighboring vascular structures, the level of the lesion, 5,13 the surgeon's experience (the resection rate varies from 10% to 90% depending on the hospital), [15] [16] [17] [18] and the type of surgical technique (local resection achieves 20 -30% of R0, and hepatic resection 50 -70%). When there is microscopic invasion of the resection margins (R1 resection), 5-year survival ranges from 10% to 20%; when there is macroscopic invasion of the resection margins (R2 resection), the 5-year survival rate is 0%. 1-5,15,20 -22 When the HCC is not disseminated and surgical resection has been impossible, palliative treatment is implemented, with a poor survival rate. In these cases, as OLT is locally more aggressive, it might achieve complete resections in tumors in which resection is otherwise going to be incomplete (R1 and R2 resections). 21 In a search for more surgical aggressiveness, some authors associate CPD with the OLT, 23 and even Starlz et al 24 extend resection to other neighboring organs with the "cluster transplantation." OLT, therefore, has the advantage of being more radical and technically simple, but it has the disadvantage of immunosuppression, which favors the spread of tumor remains that might go unnoticed. Analysis of the results shows that generally it is indicated in more evolved tumors that have already been considered irresectable by surgeons with experience in liver surgery. 9, 11, 12, 21, 25 In the OLT series for HCC, 6, 9, 11, 12, 16, 25 the 5-year survival rate ranges from 0% to 38%; with a greater aggressiveness (cluster transplantation), it ranges from 9% to 38%. 16, 21, 24 This survival rate is lower than obtained by OLT indicated for other reasons, and some centers, due to the lack of organs, consider OLT to be contraindicated for HCC.
It is a well-known fact that the fundamental cause of death following OLT is tumor recurrence (occurring in 56 -96%), 5, 11, 12, 16, 21, 24 generally abdominal, which occurred in 53% of our patients, 47% dying as a result. It occurs early, as in our series (mean time to recurrence was 21 months). In the Cincinnati Transplant Tumor Registry series, 11 51% presented with recurrence, although the time to recurrence was shorter (9.7 months). It is therefore important to know the tumor factors responsible for such recurrence. Lymphatic invasion is considered a factor of early recurrence (0% survival at 5 years with lymphatic invasion, compared with 27% without invasion in the Pittsburgh series). 12 In our series, lymphatic invasion also reduced survival (15% at 5 years versus 35% when there was no lymphatic invasion), although it was not SS. Vascular invasion implied a poor prognosis in our series, in both the univariate and multivariate study. HCC has a great affinity with the nerves, through which the tumor spreads, with perineural invasion considered a factor of poor prognosis 12, 21 (in our series, the 5-year survival rate was 20% when perineural invasion existed, compared with 38% when it did not). pTNM classification has been correlated with the prognosis of these patients in most series. Iwatsuki et al 12 report that stages I-II presented a longer survival than stages III-IV (P Ͻ 0.038), and T1-T2 patients had a longer survival than T3 patients (P Ͻ 0.038). Neuhaus et al, 21 in 15 patients receiving transplantation for HCC, find that stages I-II had a similar survival rate to stage IV, whereas no stage III patient lived beyond 40 months. In our series, the early stages (stages I-II) presented a 5-year survival rate of 47%, whereas it was 15% in stages III-IV.
To improve survival, it is important to make a good patient selection (stages I-II and R0 resections have an acceptable survival rate), 11 reduce posttransplant mortality (in most series the 3-month mortality rate is currently around 10%), and improve adjuvant therapies (chemotherapy and radiotherapy).
With our results, contraindicating OLT for a nondisseminated irresectable HCC is not ethically simple, especially in a young patient, as there is no palliative treatment that achieves 20 -40% survival at 5 years. However, if we indicate OLT, it would be very important to make a good patient selection (excluding patients presenting with factors of poor prognosis), as the 5-year survival rate is around 50% in the early stages, and it would be important to have adjuvant therapies that improve survival.
Postoperative external radiotherapy and chemotherapy did not improve the survival rate in most series, nor did it improve survival in our 7 patients in whom it was used. The Mayo Clinic 28 proposes a very rigorous protocol of patient selection for OLT for CC, to which they apply external radiotherapy, chemotherapy with 5-FU, and internal radiotherapy with an Iridium catheter. Of 918 patients who were attended for this clinical entity between 1993 and 1998, only 13 underwent transplantation (12 were stage I-II and 1 stage IVA): the postoperative mortality rate was 0%; survival up to publication was 100%, with a mean of 42 months (range, 12-89 months); and there was a recurrence at 40 months (stage IVA). The good results with this protocol must be influenced by 2 main factors: on the one hand, internal radiotherapy (useful for controlling perineural and wall invasion), since external radiotherapy and chemotherapy had already been used with discouraging results; on the other, strict selection of patients, as most were stages I-II unlike other series and our own, in which stages III-IV exceeded 40%. However, they are very encouraging results; as Bismuth 29 suggests, it would be important to do a randomized control trial of transplantation with and without chemoirradiation in patients with HCC.
The ideal treatment of PCC is liver resection; Madariaga et al published higher 5-year survival rates than for HCC (8% with HCC versus 38% with PCC). 1 The survival rate with OLT ranges from 16% to 42% in most series. 12, 25, 30 In our series, the 5-year survival rate for PCC was higher (42%) than for HCC (30%). Our mortality rate was 48%, with 35% tumor recurrence and a mean time between OLT and recurrence of 22 months, similar to HCC.
To obtain early detection of PCC in patients with PSC (incidental CC), 26, 27 it would be important to improve the results of OLT. PSC predisposes to the development of CC (approximately 10% of PSCs will present a CC), and this incidental CC, as happens with incidental hepatocarcinoma, was thought to have a better prognosis. However, in some series 11 the survival rate with incidental CC was similar to CC diagnosed preoperatively, as occurred in our series, with both HCC and PCC.
As for prognostic factors, it must be noted that lymph node invasion, although not SS, presented a worse survival rate (median survival of 3 months compared with 60 months when lymph node invasion did not exist). Perineural invasion and pTNM classification (the 3-and 5-year survival rates in stages I-II were 80% and 40%, versus 46% and 31% in stages III-IV) were significant in the multivariate analysis. As with HCC, we consider the survival rate acceptable, as we are dealing with nonselected patients who have been considered irresectable and in whom palliative treatments are ineffective.
In short, our results confirm that with irresectable HCC and PCC without evidence of tumor spread, OLT achieves higher 3-and 5-year survival rates than reported with palliative treatments, especially in tumors in their early stages. However, considering the lack of organs and the possibility that the situation of the tumor disease might change while on the waiting list, the indication for OLT in these patients could be questioned from an ethical point of view. Living donor liver transplantation might be a valid alternative. Furthermore, information is still needed to help better select CC patients who could really benefit from OLT.
